The paper presents a design strategy for e-learning hypermedia interfaces based on the notion of conceptual-navigational map. It proposes to analyze the cognitive and communication problems that arise in the use of hypermedia applications with specific goals, such as e-learning courseware modules, with the linguistic tools of pragmatics and discourse analysis and shows how this can help in identifying specific communication problems related to the grounding and contextualisation of new information, and can lead to new insights for design and to interfaces inspired by the linguistic means used in verbal communication to manage analogous problems. The implementation of such a design strategy in the Swissling courseware modules is discussed and future directions of development towards context aware adaptive hypermedia are briefly outlined.
Introduction
In this paper, we present a design strategy based on conceptual-navigational maps aimed at improving the quality of instructional or educational hypertexts, and in particular at a better exploitation of the resources and specificity of the hypertextual medium in the design of e-learning courseware modules.
The intuitive appeal of the notion of conceptual-navigational map in the design of educational hypertext can be easily grasped.
On the one hand, maps, broadly construed as abstract or pictorial representations that organize information on the basis of a spatial metaphor in a two-dimensional or three-dimensional space, have emerged as a powerful tool for knowledge representation. In the field of knowledge management, for instance, various sorts of topographical or abstract maps, both human made and automatically computed (see Figure 1 ) are used in order to represent large amounts of data in a meaningful way, so that their structure is apparent 'at a glance' to the human decision maker. More generally, maps offer the possibility of representing in a synthetic and intuitive way a complex network of relations between concepts. Indeed, "visualization provides context and orientation for readers and it helps the reader see a larger pattern in which to place the object before him" (Kahn & Lenk, 2001) . In an educational context this possibility can be exploited in order to represent in an accessible way the global structure of a body of knowledge to be acquired by the learner. On the other hand, hypertext and hypermedia technology allows to use conceptual maps also as an element of the navigational interface, a means to access content -documents or pages of a hypertextual document -relating to the conceptual nodes of the map, and thus navigate the information space of the map. Topic maps based on these principles have been used, for instance, to organise and provide access to documents in electronic libraries, but many other areas of application seem possible.
In this paper, however, rather than analysing in abstract terms the notion of a conceptual-navigatio nal map and its potential field of application, we will deal with its problem solving potential within a more concrete design scenario. We target a specific sub field of hypermedia design -the design of courseware modules for online elearning courses -which is characterised by its intrinsic communicative goals and requirements, as well as by certain prevalent practices and recurrent problems, and we present a theoretically motivated design strategy exploiting a particular type of conceptual-navigational maps.
The strategy presented here is based both on actual design practice and on theoretical considerations. On the one hand, it distils the design principles of courseware modules in linguistics produced within the Swissling project (www.swissling.ch) 1 , modules that have been tested during the academic years 2001-2002 and 2002-2003 with about 300 students of the University of Lugano.
On the other hand it reflects concepts derived from an ongoing interdisciplinary research project on how the transfer of linguistic concepts and methods -in particular from the semantic-pragmatic theories of discourse and dialogue -can contribute to enrich Web design models and methodologies.
E-learning and hypertext: an unresolved conflict According to Landow & Delany (1994: 3) a hypertext trascends three crucial attributes of the "traditional written text": linearity, boundedness and fixation. With respect to linearity, which is the attribute with which we will be mainly concerned here, the hypertext is typically viewed as a, usually rich, non-linear structure based on a network of semantic or associative links between nodes consisting of text blocks (Landow 1992: 4-5) .
This definition, which has been adopted since the origin of hypertext, conveys the promise that the multiple paths through the content give a more active role to the reader of a hypertext, playing a more determining role in the construction of meaning than through a traditional media, like a textbook.
In a teaching scenario the opportunity represented by multiple pathways unfastens a pedagogy that assigns a more active role to the student. The students can explore the subject matter adopting the reading strategy that is more suitable to them. Moreover they can both define personalized paths according to their interests, through the pre-planned paths offered by the authors, and they can participate in the construction of knowledge, establishing new, unexpected connections in the subject matter (Landow 1997: 225-226) . Conversely, the role of the writer is assumed to change from author to knowledge provider and facilitator.
However, despite the early excitement, in the current practice of e-learning the possibilities of the hypertext medium cannot be said to be fully exploited. In fact, the current trends and the recognized best practices in the design of e-learning packages and e-learning platforms seem decidedly to move away from rich non-linear network structures of semantically organized contents. As Brusilovsky & Rizzo (2002) observe, "A hierarchically organized hypertext is becoming the dominant model for publishing educational material". The formal 'syntactic' structure of content organization in this case is not the network, but the tree. In fact, this makes the structure of the hypertext formally equivalent to the structure of the table of contents of a book.
Most current E-learning commercial platforms (such as Web-CT or Blackboard) are designed to support hierarchical navigation and to automate the creation of structural links that allow the user to move on the tree from a parent node to its child (and back) -as shown in figure 2 (a), and between sisters in a node -as shown in figure 2 (b).
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Figure 2. Hierarchical organization of nodes in a hypertext
As Brusilovsky & Rizzo (2002) observe, the creation of "horizontal" semantic/associative links between parts of the course contents belonging to different structural nodes -shown in figure 2 (c) -is more or less strongly discouraged by these e-courseware platforms.
However, not only e-learning materials produced using commercial platforms, but also courseware produced in Universities by teams developing their own platforms show either a purely linear or a more or less developed hierarchical tree structure which is perfectly comparable to the traditional table of contents of a printed document. Sometimes this underlying structuring of content collides with superficial graphic interface solution that masks linearity suggesting the presence of a more developed hypertext structure that, in fact, does not exist. For instance, in the LinguisticsOnline courseware (shown in Figure 3 ) the interface does not facilitate linear reading as the navigation bar does not feature a next button. The course pages, however, are hierarchically organised by table of contents (shown on the left of the screen) and the texts are clearly written to be read in linear succession. The decision to move away from network structure in e-learning hypertext design probably depends on two types of considerations. On the one hand we have practical considerations concerning the practical viability and cost-effectiveness of the authoring, production and maintenance of the courseware. On the other hand, we have cognitive-communicative considerations concerning the user's experience and understanding of the courseware materials.
As for the first order of considerations -being e -courseware authors ourselves-we must agree with Brusilovsky and Rizzo (2002) that horizontal -both semantic and associative -links are difficult and time consuming for the writer (because t hey force the writer to conceive the text blocks as autonomous decontextualised units of information, in order to cope with the multiplicity of access points to a page) and that a hypertext that makes a systematic use of this kind of linking is much more costly to produce, maintain and update.
Moreover, as Brusilovsky and Rizzo observe, beyond these general considerations of cost-effectiveness, there is the fact that the dissemination of semantic links also clashes with the current re-usable learning objects approach to e-learning, which goes in the direction of rationalising the development processes and support the sharing of educational resources within and between the various communities of instructors. It is easy to understand how a system of semantic links connecting content units in a network at various levels of granularity -ranging from a chapter to a paragraph and even to a single word -is technically difficult to reconcile with the aim of creating self-contained learning objects that could be used in other teaching contexts.
Having briefly reviewed these production related problems, we want to move to consider in greater detail the cognitive and communicative considerations that account for the limited appeal of hypertext in the context of education. It is this type of problems that our map-based design approach is meant to address.
Lost in knowledge space? Contextualization and Propedeuticity.
Probably the simplest way of describing the cognitive difficulties connected with the full use of rich hypertext in e-learning is considering them a case of the so-called lost in hyperspace problem (LIH), which is known in the hypertext literature. This is, however, also the most generic way, as we will see presently.
LIH is the name given to the disorienting effect, both local and global, that comes from browsing a complex network of interrelated documents. According to Theng, Jones & Thimbleby (1996) , the LIH syndrome emerges in different forms that include, but are not limited to the following: § The readers don't know where they are in the network;
§ The readers don't know how to get to some other place they know (or think) exists in the network; § The readers don't know how to return to a topic left previously; § The problem of forgetting why they want to go to a certain topic in the first place; § The problem of forgetting what topics they have browsed; § The problem of forgetting which key points covered.
This presentation of LIH stresses mainly the navigational aspects of the problem. In this perspective, the hypertextual links are seen as means of accessing content, and being lost for the user means mainly not being able to get to the desired content or not being able to retrieve it. There is however another aspect of the problem, which turns out to be particularly important in the case of e-learning hypertexts. If we look at the LIH problem from a communication viewpoint we can observe that hypertextual links, and in particular the so-called "semantic links" can be seen not only as means for accessing content, but also as means of relating blocks of contents and thus contributing to the communicated content of the hypertext at a global level.
From this viewpoint, a user is lost in hyperspace when she is not able to relate the text block she is reading with the appropriate context which is necessary to fully understand it and place within the global picture of the communicated contents.
This type of problem emerges when the relevant information necessary to build the proper context for a given piece of content has not been previously accessed by the user and/or is not easily retrievable. It has been observed that the authors of books "have considerable control of what they want their readers to read" and that they can presume that any material coming from a particular point in the text has been read before, while authors of hypertext "cannot presume that material before the current point in the author's context has been read" (Theng 1996) . This means that for hypertext authors it is less easy to "build upon previously mentioned ideas".
It is interesting to observe that while this aspect of the LIH problem is a general phenomenon, it assumes a particular prominence in the design of e-learning courseware. This becomes apparent if we confront the goals of an e-learning courseware, with those of other types of hypermedia based on hypertext structures. The goal of a university courseware is usually to communicate a complex body of knowledge, which is composed by a certain number of smaller units of content -let us call them 'concepts' -and by their interrelations. This goal places a particular emphasis on the necessity of placing in the proper context the information accessed.
In many other types of hypermedia the knowledge of the global structure of the contents is relevant for the user only inasmuch it is necessary or useful in order to reach some more specific goal.
The LIH problem has to be framed differently according to the precise scenario of interaction with the hypermedia application. That is to say, first of all according to the communicative goals of the users and the stakeholders of the application.
In a e-commerce application, for example, the user's transactional goal is to buy what they need/ like and their communicative goal is to find out quickly -through the interaction with the website -what the seller has to offer. The seller's goal is to sell her products. In this interaction scenario, being lost means not finding the desired good, or not finding out if they are on stock or not finding out how to buy them, etc. For the user the knowledge of the 'network' that makes up the website content is not a goal in itself, but only a goal inasmuch it serves to further the other goals. Quite similarly, in a hypertext which is meant to be consulted as a reference, knowing the overall arrangement of the contents can help the user finding the very specific piece of information I was looking for.
In a e-learning application things can be quite different as the knowledge of the hypertext network can be a goal inasmuch it reflects the 'network of knowledge' that makes up the subject matter being taught. The acquisition of a complex network of interrelated concepts is, at least, part of the goal. It is taking into account the particular goals of educational hypermedia that we can define the requirements for the proper navigation tools.
It can be also observed that teaching and learning are characterized by relations of propedeuticity in the subject matter: we say that a certain topic A is propedeutic with respect to a certain other topic B when the prior understanding of A is a necessary precondition to the full understanding of B. Relations of propedeuticity impose constraints on the possible meaningful linearizations of a hypertextual network.
As with the more general necessity mentioned above of "building upon previously mentioned ideas", the easiest way to satisfy the requirements of propedeuticity is to simply eliminate all the alternative paths and propose a single linearization. Obviously, this means taking a step back from a rich hypertext and settling for something more similar to the format of the traditional printed media.
If these are the reasons that push courseware authors towards a more traditional, book-like organization of the contents, how can we overcome the evident conflict between the appealing promises that are offered by the intrinsic non-linear nature of the hypertext, and what happens in real life, where linearity -for many reasons -keeps a privileged place?
We believe that in order to find innovative solutions to the problem of contextualisation and to the problem of propedeuticity we cannot limit ourselves to an intuitive comparison between linear books and non-linear hypertext. We propose, instead, to use the analytical tools of pragmatics and discourse analysis to look in greater detail at the way in which this type of problems are managed by speakers and hearers in verbal communication, both in the spoken and in the written medium.
As an example of this strategy, in the following section we present the pragmatics and discourse analysis considerations that have informed the design strategy based on conceptual & navigational maps presented in the following sections.
Insights from discourse understanding

Creating a common ground through discourse
Conversations take place on the backdrop of a pool of knowledge, perceptions, beliefs, and values that are shared by the participants. No communication can start from scratch, and, in a given communication event, there is always a certain set of assumptions that speakers take for granted as being part of the shared background. These assumptions form the common ground of the conversation at a given moment (Clark 1996) . In an ongoing discourse, each new utterance, each unit of content processed by the hearer relates to the common ground in two ways. On the one hand it updates the common ground with new information; on the other hand it presupposes that information of such and such type is already present in the common ground. In order to properly update the common ground of the conversation with new information the hearer needs to know, for instance, what the information is about, and more generally how it relates to old information. To make a trivial example, if my interlocutor says something like The man with the red tie has left, in order to make sense of the statement I need to relate the description the man with the red tie with a person present in our mutually shared cognitive environment. Otherwise, the new bit of information ( has left) cannot u pdate the common ground. The information that an utterance requires to be in the common ground in order to function as an update, that we call presupposition.
From a communication viewpoint, the notion of propedeuticity that we have briefly evoked in the previous section can be interpreted as a subtype of presupposition, operating at a more strategic level in educational discourse.
In verbal communication a speaker cannot always be sure that what they presuppose is truly part of the common ground. In conversation, however, the interlocutors have at their disposal various interactive grounding strategies to identify such discrepancies and resolve them (Clark 1996: 221-252) . The author of a book is in a much more disadvantaged position and needs to be more careful in managing the common ground, as she can only assume that the reader should know what lies before a given point (provided that the reader started from the beginning and continued to read sequentially). Clearly, the author of a classic, non-linear, hypertext is in a even worse position. In hypertext the burden of implementing grounding strategies seems to lie almost exclusively on the reader. The challenge for design is to provide tools that can support him in this task.
The dynamic building of the global structure of discourse
A common ground is not just an unstructured list of atomic propositions that accumulate in the course of conversation. Common grounds are "highly structured objects" (Asher, Busquets & Le Draoulec 2001: 220) . Texts are perceived as semantically coherent wholes. People are able to say what a text is about and to summarize it (albeit with varying degrees of accuracy). In order to do this, readers need to have built, inter alia, a global representation of what is sometimes called "the world of the text". In non narrative texts, most of the times this "world" representation, or knowledge base, is non-linear. Yet, it has to be "linearly" constructed through successive updates of the common ground.
Interpreting a new utterance in an ongoing discourse is very much like attaching new information in the proper place in a growing non-linear representation. Each new item of discourse is processed on the backdrop of a growing shared representation of the world of the text and of the goals and commitments of the interlocutors. In order to update this representation speakers/writers need expressive tools to synthetically refer back to large chunks of the global representation (overcoming short term memory limitations) in order to specify the proper attachment of discourse items (cf. van Dijk 1977 , Asher 1993 . Natural languages provide such tools.
Anaphorical structures, for instance, are pointers that allow speakers/writers to synthetically refer back to more or less complex portions of the existing knowledge base that are relevant for the attachment of new information. In natural language there are many types of anaphoric expressions, some are used to refer back to previously mentioned individuals (people or things), when the speaker need to a dd more information about them. Pronouns like she/ he or definite expressions like , the man, that girl.
However, more interesting in view of our goals are those anaphors that refer to second order entities (facts, propositions, states of affairs, beliefs and also utterance acts), especially if the entity referred to is derived from -that is to say "summarizes" -an extended chunk of text. Conte (1999) refers to this type of anaphora as "anaphoric encapsulation", Rigotti (1993) speaks of the condensation function of anaphora. T. van Dijk (1977) discussed the objects referred to by these anaphors using the term "macroproposition". Asher (1993) discusses this type of anaphora in its treatment of "reference to abstract objects" in discourse. Let us consider a simple example, taken from Conte (1999: 109):
But those who dreamed up reform programs were indeed naive and now they fear that the corruption associated with Russia's reform programs will lead to a political backlash in favor of nationalists or communists who claim to have clean hands.
This risk exists elsewhere too. In Venezuela, the government…
By referring back synthetically to more or less complex portions of the developing global knowledge base, and by labeling them in a certain way (this risk, this opportunity, this fact, this possibility, this phenomenon), anaphoric encapsulation allows for the -condensed -presence in the information unit being processed (that is to say in the short term memory) of large portions of the global structure of the text.
Studies in discourse pragmatics (cf. Reboul & Moeschler 1998) have also shown that discourse interpretation involves, from the first sentence onwards, the formation on the part the hearer of anticipatory hypotheses on the overall structure of the discourse. Natural languages also have at their disposal structures devoted to help the formation of such hypotheses by making synthetic anticipatory references to information yet to be introduced in the knowledge base. These are called cataphorical structures. Titles and headlines are perhaps the most interesting type of structures that show a cataphorical functioning.
Construction of knowledge from a didactic hypermedia object also presupposes in the interpreter the ability of making anticipatory hypotheses on the overall structure of the "world" the hypermedia is about (the subject being studied) and the ability to access the knowledge that is relevant for the proper collocation of a new piece of information.
Again it is the task of designers to provide the right tools for the job, given the particular conditions under which the grounding of information takes place in the case of hypertext. Our hypothesis, which will be discussed in the following sections, is that a certain type of map based navigation offers an interesting and viable solution for this problem.
How maps can help the grounding and the dynamic contextualization of information: the case of the Swissling courseware.
The Design of maps for the Swissling courseware
The previous reflections originally emerged during the first phase of the design of the Swissling courseware modules. In order to provide the type of contextualization and support to grounding that we felt was needed for a courseware we decided to explore the possibility of superposing a graphic conceptual map to a content structure that is still basically hierarchical, although with a significant presence of horizontal links that reflect semantic relations between concepts.
Apart from the general choice of using graphical maps as means of navigation in the hypertext and as tools for the contextualization of information, the most original and interesting aspect of the design strategy implemented in Swissling consists in the use of different conceptual-navigational maps in order to support the user in her grounding effort addressing both the necessity of making anticipatory hypotheses on the overall structure of contents, and the need to access and refer back to previously acquired knowledge that is relevant for the proper update of the common ground with a new piece of information.
However, before examining in detail this aspect of the design strategy it is worth spending a few words on the general appearance and structure of the maps we used, and, in particular, on the use of metaphors in them.
Metaphors of communication and content
Generally speaking the conceptual-navigational maps used in Swissling are 2D graphic representations that aim at making explicit the semantic-pragmatic relations (cf. Rigotti & Rocci 2001 ) that hold between discourse units (pages and/or larger content units) in the courseware. With respect to a hierarchic table of contents (TOC) this type of representations has the advantage of being able to present not only the articulation of content in units and sub-units, but also of making explicit to a certain extent the logical -argumentative, temporal or causal relations that hold between the contents of these sections and subsections. These relations, which tend to be abstract, are expressed graphically through the use of metaphors.
There are two broad types of relations that one may want to express in such a map (cf. Callow 1998): Ø Referential -or content level -relations, which pertain to the structure of the object being talked about. Ø Presentational -or rhetoric or pragmatic -relations that concern the communication process itself -including the way in which a certain pedagogical strategy or learning process unfolds in communication.
The type of relation one wants to convey also determines in part the choice of the metaphors used to visualize them.
In designing the maps for the Swissling courseware module Fundamentals of Verbal Semiotics, for instance, given the very abstract and much varied nature of the subject matter, we opted for emphasizing presentational relations. We used the metaphor of the learning process as exploring and taking possession of a new land.
We can look at the process of structuring knowledge from a non linear source through the metaphor of the exploration of a territory. The metaphor "Learning is discovering a new land" plays the role of a conceptual metaphor (in the sense of Lakoff & Johnson, 1981) : a metaphor that shapes the understanding of a given domain by structuring it.
Research in cognitive linguistics has shown that there is a strong tendencyemerging in natural languages at the levels of grammar and lexis -towards the metaphorical mapping of both cognitive and communication processes in terms of movement through physical space. As Sweetser (1990: 46) puts it, "logical structures and conversational structures are at least partly understood in terms of physical travel through space". Apart from the general naturalness of mapping cognitive processes in spatial terms, the choice of the specific exploration metaphor was chosen in order to be consistent the specific goals and scenario of use of an e-learning hypermedia. With the idea of exploration we wanted to stress the systematic nature of an activity resulting in a cognitive appropriation of a complex body of interrelated concepts and to contrast it with the mere navigation through content seen as an activity without clear consequences.
In these conceptual-navigational maps the main content units are represented as islands, each characterized by various landmarks corresponding to important concepts.
Landmarks are connected by roads that indicate paths of propedeuticity. Harbors and sea routes correspond to the connections with the other content units of the module.
In other cases we chose to highlight referential relations that characterize the structure of the subject matter.
Figure 5. The word-formation generator of the SWISSLING module Lexicon and Morphology
In the Lexicon & Morphology courseware module, for instance, lexical processes of word-formation such as derivation and compounding, as well as inflection are represented through the metaphor o a production chain. This process metaphor allows us to map straightforwardly the basic relations between the modules that compose this area of the linguistic system.
A design solution for the grounding problem
The problems caused by the unusual burden that hypertext places on the reader with respect to the grounding of information can be approached at least from two different viewpoints: a design viewpoint and a technology innovation viewpoint. The first approach aims at an optimal design of cur rent static hypertext interfaces offering multiple viewpoints and visualization cues for supporting the user in grounding information in the various phases of her learning activity. These interfaces we call static in the sense that they are defined in terms of functions and contexts of use at design-time. From a technology innovation viewpoint, the issue can be approached by exploring the possibilities of adaptive hypermedia technologies able to keep track of the behavior of the user and present information according to the current state of a dynamic user model that approximates the common ground.
In the context of the Swissling project we explored the possibilities and limits of a purely design based solution. We developed for the module Fundamentals of Verbal Semiotics a design strategy that aimed at producing static maps with manifold functions. From the experience we gathered during the design of such tools (Armani, J. et al., 2002) we found three important contexts of use for conceptual maps within our elearning course; for each context we singled out some functions that the map should disclose to the student (see Table 1 ). The set of operations that are listed on the right side of the table are derived from the analysis of the typical learning situations which a student may encounter during an online study session.
Context Functions Overview of a new topic
Facilitate the formation of a global anticipatory hypothesis for the grounding of new concepts within a topic. First approach to a new topic Offer the easiest/ most recommended way for the student to proceed through the contents of an unknown content unit.
Revision of a known topic
Facilitate the access to already visited contents in order to support repetition and in-depth study; Support the establishment of further semantic relations between the concepts; Support the ability to summarize effectively a whole topic.
Table 1. Requirement analysis for the map tools of the SWISSLING online module of Verbal Semiotics
From this preliminary analysis we mined four different map-like tools for learning online: 1. Cataphoric Maps are maps for beginning the exploration of a topic. They just present an overview of the subject with some orientation. The goal of these maps is mainly to provide a general framework for the contextualization of the new information students acquire. Moreover, they can stimulate curiosity for the new subject, by providing glimpses into the contents. . This map act as a default linearization hypothesis proposed by the teacher. The path or paths selected are the most economical ones, thus offering the easiest way for the student to proceed in the first reading. Fil-rouges are suggested as preferential first-reading path, while for selfstudy and repetitions, students are encouraged t o use learning materials freely, i.e. according to their own way of conceptualizing the subject matter.
Figure 7: Fil rouge map
3. Anaphoric Maps are an "evolution" of cataphoric maps: they represent the same maps with more annotations, more landmarks and iconic reminders. For instance, near the area representing a concept, a small drawing recalls an example presented in the learning materials. These maps are provided to the students in order to facilitate repetition and in-depth study. Further steps for enhancement
The main limit of the purely design based solution outlined above is that it is up to the student to select the appropriate function she needs according to the current context of her interaction with the hypermedia. This issue can be reduced by a clever design of certain interface elements (e.g. clean and easy to understand menus for the selection of the relevant map), but it cannot be eliminated completely.
Since this kind of maps are defined at design time, there is a previously fixed limit to the depth of the analysis of the possible contexts of use. Ideally, the designer would have to envisage adequate functions, or 'views', for every possible state of the learning activity -that is to say for every possible state of the common ground. Even if she succeeded in this titanic task, she would have to map all those views onto a static user interface, so that the user can manually select them when she needs them. An interface too loaded with information will lead to the well known problems of information overload that surfaces when on the same page several units of information bombard the user, demanding her attention, possibly to the detriment of the other content's visibility.
A promising approach for overcoming the limitations of a purely design based solution is represented by context-aware interfaces, which, on the one hand, allow to broaden the range of functio ns potentially available from the interface, and, on the other hand, leave to the system the task of narrowing this range, selecting only the views that are more relevant for the current state of the common ground of the interaction between the user and the hypermedia.
The design of interfaces of this type overlaps with research in cognitive psychology and in intelligent interfaces. In view of our focused goals, we plan to proceed by gradually including a well circumscribed set of features to make our adaptive interfaces context-aware.
Among the first features that we have singled out, and that will be integrated in a prototype of adaptive map, we should mention the following:
• Automatic activation on the map of the anaphoric labels and iconic recall signs corresponding to already visited pages; • Navigation support with link annotation of not-recommended/ recommended paths; • Full integration of the cataphoric and anaphoric maps in one adaptive map evolving according to the user's navigational behavior.
• Automatic activation of detail schemata adequate to the revision task at issue.
Conclusions
In this paper we have shown how a design strategy for a specific type of hypermedia can draw its inspiration from the study of verbal communication, and in particular from linguistic and pragmatic models of discourse production and understanding. Verbal communication relies on a number of specifically linguistic strategies for grounding the information and coordinating the interaction: particularly prominent in this sense are phenomena such as anaphora and cataphora that allow the management of the relational and hierarchical structure of the discourse within the temporal-spatial linearity of the verbal means of communication. Such strategies have no direct equivalent i n the interaction between user and hypermedia application. However, the study of the information management problems they solve is of the greatest importance in order to find new solutions adapted for hypermedia design.
In this paper we started from the hypothesis that specifically linguistic strategies for information management can be used as a starting point for the design of functionally analogous strategies for the interaction with a hypermedia.
It is important to stress that what we have described in this paper is, at least in part, a heuristic strategy. Once the problem of grounding and contextualization for educational hypermedia has been singled out, the actual linguistically inspired solutions developed by the designer are the fruit of creativity and good practice. Like any other design solution these solutions need to be empirically validated.
As we said in the introduction, the map based interfaces described here have been implemented in the Swissling courseware modules, which have now been used for two academic years by about 300 students of the University of Lugano (Switzerland). These modules are undergoing a thorough pedagogical evaluation in the framework of the project (for the first results see Perret & Shubauer-Leoni, 2002 and Botturi 2003) . This general evaluation of the modules needs to be coupled, however, with a more focused empirical validation procedure targeted to the map based interface. We plan to conduct such an evaluation of the existing interface in the next phase of our research, in parallel with the experimentation of new context-aware solutions.
